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The Microbiologic Quality of Drinking
Water in North Carolina Migrant
Labor Camps
Stephen Ciesielstk, PhD, Thomas Handzel BS, and Mark Sobsey, PhD
Intodution
Although migrant farm workers are
known to have a high prevalence of en-
teric infections,1-7 many of which are
water-borne, the potability ofdrinkingwa-
ter used by migrants has received little
attention. This report presents the results
of a two-year study of the microbiological
quality of drinking water in North Caro-
lina migrant labor camps.
Methds
In 1988, a random sample of 21 mi-
grant camps was selected from a pooled
list of camps in eastern North Carolina.
Water was also tested in six additional
camps, which were part of a related study
of the incidence of enteric parasites in mi-
grant farm workers, and 10 control sites
(nearby rural businesses and residences).
In 1989, all 23 inhabited study camps from
the previous year were retested, along
with seven additional nonrandomly se-
lected camps. In all camps in both years,
waterwas tested by county health depart-
ments prior to occupancy, the results of
which were obtained after field study was
completed.
Water samples were collected from
taps (without aerators) into sterile 1 liter
sampling bottles, kept chilled and ana-
lyzed within 24 hours. Microbiological
testing of 100 ml sample volumes for total
and fecal coliforms and E. coli was done
according to standard protocols using
membrane filter methods.8 Sites with ini-
tial positive tests were retested when pos-
sible.
Fisher's Exact Test (two-tailed) and




The bacteriological results for water
samples from the 27 camps and 10 control
sites are summarized in Table 1; 12 (44
percent) were positive for total coliforms
with counts ranging from 1-186 colony
forming units (CFU). Eight of these sites
were retested and all were positive again.
Seven samples (26 percent) were also pos-
itive for fecal coliforms. Two of 10 sam-
ples were positive for E. coli. All 10 con-
trol sites were negative for total and fecal
coliforms. The presence of latrines (as op-
posed to flush toilets) was associated with
total coliform occurrence in water (p =
0.024; Fisher's Exact Test).
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Fifteen of 30 camps (50 percent) had
water samples positive for total coliforms,
11 (37 percent) for fecal coliforms, and
four forE. coli (Table 2). Fifty-six percent
ofresampled camps had the same result as
the previous year. In 1989, latrines were
not significantly associated with coli-
forms, but there was an increasing prev-
alence of coliforms in water samples as a
function of time of occupancy. When the
results of the four successive samplings of
water are grouped as two early samplings
and two late samplings, the total coliform
prevalence in the early and late groups is
significantly different by Chi-square anal-
ysis (p = 0.056). Rainfall during the week
previous to the last two sampling periods
totaled 3.68 inches while totaling 0.78
inches for the week prior to the first two
sampling periods.9
In 1988 only one and in 1989 none of
the camps studied were positive for total
coliforms on preoccupancy testing by lo-
cal health departments.
Disusion
In the United States over one-half of
the reported outbreaks ofwaterborne dis-
ease are due to fecally contaminated
groundwater, most often resulting from
overflow or seepage of on-site septic sys-
tems.10 Migrant camps are often over-
crowded so that the amount of human fe-
cal wastes may overload the design
capacity of on-site sanitary disposal sys-
tems. These septic systems may also have
exceeded their expected life span. Fur-
thermore, migrants probably excrete
greater numbers ofpathogens into the sep-
tic waste system. Enteric infections, es-
pecially parasites, are major health prob-
lems among migrants.1`7 Diarrhea is
reported to be 20 times more frequent
among migrants than the urban poor.4
Most intestinal parasites identified in the
migrant population can be transmitted by
fecally contaminated water' 3'5'11 and en-
teric bacteria and viruses have a much
greater capacity for waterborne transmis-
sion.7 The concurrent study of the inci-
dence ofintestinal parasites inwhich some
study camps were included, found a sig-
nificant association (p = .024) between in-
cidence and total coliforms.* In Florida an
echovirus (type 22/23 complex) was iso-
lated from water samples in a migrant
camp during an outbreak of gastrointesti-
nal illness.12
The surprisingly high prevalence of
total and fecal coliforms in migrant labor
camp drinking water is a matter of serious
concern. According to the US Environ-
mental Protection Agency, "the presence
of fecal coliforms in drinking water indi-
cates that an urgent public health problem
exists.",14 New standards proposed by the
EPAwould require the state to be notified
within 48 hours when any number of fecal
coliforms are demonstrated."3 The health
hazards associated with unsafe drinking
water in migrant camps were demon-
strated in 1973, when the largest outbreak
of typhoid fever in the US since 1939 re-
sulted from the contamination of well wa-
ter in a Florida migrant camp, precededby
repeatedly high coliform counts in the
camp's water supply.14
North Carolina's migrant housing
regulations require that water in migrant
camps housing 13 or more workers be
tested before occupancy for total coli-
forms.15'16 The failure of pre-occupancy
inspections to ensure adequate water
quality during habitation probably results
from the fact that ifcoliforms have entered
the water system when the camp is occu-
pied in late summer, results are negative
the following June (after a nine-month va-
cancy) due to bacterial die-offand dilution
and dispersion in ground water. This vari-
ation with usage is supported by the in-
crease in coliform prevalence observed in
1989 with each round of sampling, which
suggests that overload of on-site waste
water treatment facilities may be a factor.
Increasing rainfall in the early autumn
may also play a role.
On the basis of these findings, it seems
logical to suggest that current regulations be
revised to include water quality testing both
before and during the period of habitation,
not only in North Carolina, but in all states
in which migrants are servedby groundwa-
ter sources. Further study is needed to de-
termine the factors responsible for the pres-
ence of coliforms in drinldng water so that
effective intervention can be initiated. [l
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Salmonella Egg Survey in Hawaii:
Evidence for Routine Bacterial
Surveillance
Myra R Ching-Lee, MPH, Alan R Katz, MD, MPH, David M. Sasaki,
DVM, MPH, and Henri P. Minette, DrPH
Intodudion
Large outbreaks ofhuman salmonel-
losis in the United States, related to egg
products and cracked shell eggs, led to
the passage of the Egg Products Act in
1970. This law required visual inspection
of eggs for cracks as well as mandating
pasteurization for all bulk egg prod-
ucts.12 Although this legislation led to an
initial decrease in egg-related Salmonella
outbreaks, they have again begun to
rise.-5
Contamination of eggs with Sabno-
neUla can occur in several ways: egg shells
may be contaminated by feces6; cleaning
procedures maybe improper7; the interior
of the egg may be contaminated by the
shell being cracked. Contamination may
also be intemal, prior to shell formation
through transovarian transmission.5,8 In
1989, an Oahu high school student, as part
of a science project, cultured two dozen
eggs from a supermarket in Honolulu for
SalmoneUla. Nine of 24 eggs (37 percent)
were culture positive. The high recoveiy
rate prompted the Hawaii State Depart-
ment of Health to conduct a more defini-
tive prevalence survey for Salmonella
among eggs for sale in Oahu supermar-
kets.
Mehod
Eggs representing 12 available
brands were collected once each week for
an eight-week period from June 26
through August 19, 1989. The sampling
unit was defined as a carton of 12 large
grade A eggs. The carton closest to the
aisle was chosen without opening it. Fol-
lowing collection, the eggs were immedi-
ately transported to the Hawaii State De-
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